The mechanisms of crack initiation and propagation have been investigated in two oxide dispersion-strengthened (ODS) Ni-base superalloys under conditions of symmetric low-cycle fatigue (LCF) and creep-fatigue. The behavior of both ODS alloys is compared with that of conventional alloys of otherwise similar composition. While the improvement in fatigue resistance previously reported for ODS metals and alloys is confm-ned by the present study for temperatures below about 0.6Tin, the potential advantage of dispersion strengthening is not being exploited by the current generation of ODS superalloys at higher temperatures; crack initiation is found to occur prematurely due to the presence of recrystaUization defects in the form of fine grains. The mechanism of crack initiation at fine grains is creep-type cavitation on boundaries transverse to the applied stress. Experimental results indicating the influence of temperature, loading frequency, and waveshape on the crack initiation rate are presented and discussed in detail. A qualitative correlation between waveshape and creep-fatigue life is suggested based on the macroscopic inelastic strain rate which is determined by the waveform and limits in turn the rate at which cavity growth can be accommodated.
I. INTRODUCTION
ALLOYS strengthened by a fine, homogeneous dispersion of oxide particles represent a relatively new class of materials intended for critical high-temperature applications, such as gas turbines. Among the important material properties required for such applications are excellent creep strength and corrosion resistance. The superior creep strength of dispersion-strengthened alloys at very high temperatures and relatively low stresses in comparison with dispersion-free alloys has motivated a great deal of study of the creep behavior of these materials./~,2'3] As a consequence, the mechanisms responsible for the improvement of creep resistance, obtained by introducing a fine dispersion, are now reasonably well understood, t41 Certain applications, such as gas turbine blades and vanes, require, in addition to creep strength, adequate resistance to high-and low-cycle fatigue (HCF and LCF, respectively). The fatigue behavior of dispersion-strengthened alloys is much less well documented, and in particular, the role of the dispersion in determining the high-temperature fatigue strength is only poorly understood. The current study of the hightemperature cyclic behavior of the oxide dispersionstrengthened (ODS) superalloys INCONEL* MA 6000 and to compare the fatigue behavior of modern ODS superalloys with that of conventional high-strength turbine alloys.
Oxide dispersion-strengthened superalloys such as MA 6000 and MA 754 are powder metallurgy materials produced by means of the mechanical alloying (MA) process, tSl Here, elemental and master powders are blended together with the fine dispersoid particles and subsequently milled in a high-energy steel ball attritor. The fully mixed compact is then extruded. A final recrystallization heat treatment is applied in order to obtain the coarse, directional grain structure needed for optimal high-temperature creep resistance.
Prior to the advent of dispersion-strengthened superalloys made possible by the MA process, investigations of the potential of dispersion strengthening were practically limited to elemental metals (Pb, Cu, A1, or Ni), for which the difficulties of introducing the dispersed second phase were surmountable. Perhaps the earliest report of the fatigue behavior of a dispersion-strengthened metal is that due to Martin and Smith t6] for Cu-containing SiO2 and A1203 particles. The authors reported an improvement in the room-temperature fatigue strength due to the presence of the hard second-phase particles. Similar results were later obtained for Pb-PbO tT's] and for t91 The superior fatigue resistance of dispersionstrengthened metals and alloys is frequently attributed to the increased homogeneity of plastic deformation during cycling, tl~ This phenomenon, referred to as "slip dispersal," is well documented and arises from the particles acting as obstacles to dislocation motion; dislocation pileups at the particles lead to localized cross slip and the activation of alternative slip planes. While slip dispersal appears to be an effective means of inhibiting crystallographic crack initiation, crack propagation has been found to be negligibly affected by a dispersion, ill,x3]
Similarly, recent investigations of ODS superalloys have demonstrated superior HCF resistance relative to conventional superalloys, tt2a4] However, results of LCF testing, most notably at high temperature, have not consistently demonstrated the advantage of dispersionstrengthened alloys, osl Our present results show clearly that with the increasing importance of creep damage mechanisms at higher temperatures and lower loading frequencies, lifetime may be determined by processes which are less influenced by mechanisms of dispersion strengthening. Instead, we underscore the important role of the grain structure in optimizing fatigue strength in these alloys.
II. E X P E R I M E N T A L

A. Materials
The compositions of INCONEL MA 6000 and MA 754 are shown in Table I . Two conventional (non-dispersion-strengthened) alloys with otherwise comparable chemical compositions were studied for comparison. MA 6000 is strengthened by coherent T'-precipitate particles [i.e., Ni3(A1, Ti) with L12 structure], which are mainly responsible for intermediate temperature strength, and by the dispersion of incoherent oxide particles ( -1 . 1 wt pct Y203), which impart hightemperature strength (at T > 900 ~ (Figure 1) . After a secondary recrystallization heat treatment, MA 6000 possesses a grain structure highly elongated in the direction of extrusion (Figure 2 ). Grain aspect ratios (GAR = ratio of grain length to width) range from 15 to 25 for fully recrystallized macrograins. Table II summarizes some of the microstructural dimensions for MA 6000 as reported in the literature. During recrystallization, the grains of MA 6000 assume a (110) texture in the direction of extrusion. The appearance of a strong texture has also come to be recognized as a characteristic feature of ODS superailoys, t161
MA 754 consists of an austenitic solid solution of Ni and 20 pct Cr with approximately 1.1 wt pct Y203 (Table I ). The elongated grain structure (GAR > 10) is attained by isothermal annealing. Some physical dimensions, including grain and dispersoid size, are summarized in Table II . Measurements of the crystallographic texture have revealed a (100) texture in the direction of extrusion, with a preferred (110} orientation in the transverse direction. 1171
Both ODS alloys contain several defect types: t18'91 (a) unrecrystallized zones containing numerous very fine grains of 1-to 5-/xm diameter, (b) approximately spherical inclusion particles of approximately 10-/xm diameter, which may arise from insufficient powder milling, (c) stringer defects, which appear to be caused by Cr-, AI-, and/or Ti-rich inclusion particles being broken up and then drawn into long strings of much finer particles during extrusion, and finally, (d) fine grains, which appear either singly or in chains of up to perhaps 10 grains and range in size from 10 to 100/.~m.
B. Testing
Symmetric LCF tests were conducted in the temperature range of 750 ~ to 1100 ~ and at strain rates of 
Y203
1.08 --0.5 -- Fig. 2 --Highly elongated grain structure in MA 6000. The average grain aspect ratio is about 20 for MA 6000 and 13 for MA 754.
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